Introduction {#s0005}
============

Pancreatic neuroendocrine neoplasms (PNETs) comprises a heterogeneous collective of malignant tumors arising from the islets of Langerhans and accounting for approximately 1% to 3% of all pancreatic neoplasms [@bb0005], [@bb0010]. Although PNETs is a relatively rare malignancy, its incidence and mortality have been increasing over the last decades, due to the improved medical technology of detection. The annual incidence of all PNETs in the United States is 8/1000,000 [@bb0015]. They are broadly categorized as functioning and non-functioning PNETs. The majority (60%) of PNETs are non-functional and are more aggressive compared with the functional PNETs. Although they are generally considered to be indolent, PNETs are highly heterogenous neoplasms and some subgroups can be highly malignant [@bb0020], [@bb0025]. As the majority of PNETs do not secrete hormones that cause clinical symptoms, patients are predominantly diagnosed with disseminated disease for whom curation is not possible [@bb0005], [@bb0030]. Due to this heterogeneous nature of PNETs, identifying reliable prognostic features have been a challenge.

Currently, the American Joint Commission on Cancer (AJCC) TNM stage systems 8th edition [@bb0035], which is widely used for prognostic evaluation of PNETs, only takes tumor size and histological metastasis into account. However, many other important variables such as age, gender, race, tumor size, tumor site, and tumor differentiation can also influence the survival of individual patients. In addition, the TNM 8th edition is still deficiently formulated for the prognostic prediction. In this sense, the traditional TNM staging system still needs further validation and improvement. Therefore, there is an urgent need to develop a staging system which is technically feasible and clinically easy-accessible to stratify the prognosis of patients with PNETs.

Nomogram, as a simple statistical predictive tool, has been widely used in clinical practice to predict prognosis [@bb0040], [@bb0045], [@bb0050]. Construction of a nomogram not only considers the prognostic weight of each factor when calculating the probability of an outcome, but also combines multiple independent factors to draw the best conclusion. Compared to the AJCC TNM staging system, nomograms can more accurately estimate survival for individual patients by integrating important prognostic variables [@bb0055], [@bb0060]. However, to our knowledge, a nomogram for patients with PNETs on the basis of population-based data has not been reported. Therefore, the current study sought to develop and validate a nomogram for predicting OS based on population-based data from the Surveillance, Epidemiology, and End Results (SEER) database.

Materials and Methods {#s0010}
=====================

Patients {#s0015}
--------

The SEER program of the US National Cancer Institute provides data on cancer incidence and survival in the United States and covers approximately 30% of the US population across several geographic regions [@bb0065]. For this research, data about patients with a diagnosis of PNETs were extracted from the SEER Program (2004--2015), using the SEER\*Stat software version 8.3.5. The study cohort consisted of patients with the following International Classification of Diseases for Oncology, Third Edition (ICD-O-3), histology codes: 8150, 8151, 8152, 8153, 8155, 8156, 8157, 8240, 8241, 8242, 8243, 8246 and 8249; and the ICD-O-3 site codes: C25.0-C25.9. Patients were excluded if the number of months survived was unknown, if they had more than 1 primary cancer and the PNETs was not the first, or if they had incomplete clinicopathological information (TNM stage and therapy). In addition, patients registered at the time of autopsy or death certificate only were excluded. To establish and validate the nomogram, all patients were randomly allocated to a training set and a validation set. Institutional review board approval was not required in the current study because SEER research data is publicly available and we received permission from SEER to access the research data (accession number: 10165-Nov 2017).

Variables {#s0020}
---------

Demographic and clinical variables were extracted from the SEER database, including age, sex, race, marital status, primary site, tumor size, functional status, histological differentiation, T, N, and M stage, TNM stage, follow-up information and cause of death. Age and tumor size as continuous variables, were transformed into categorical variable on the basis of recognized cutoff values. The primary endpoint was OS. OS was defined as the time from diagnosis of PNETs to death or last follow-up, with no restriction on the cause of death.

Statistical Analyses {#s0025}
--------------------

### Construction of the Nomogram {#s0030}

Categorical data were shown as frequencies and proportions and compared with chi-square test and Fisher\'s exact test. Survival curves were generated using the Kaplan--Meier method and the log-rank test was used to compare the difference between the groups. Univariate and multivariate Cox regression analyses were performed to identify independent prognostic variables for predicting OS. A nomogram was formulated based on the results of the multivariate analyses.

### Validation of the Nomogram {#s0035}

The nomogram was validated by measuring discrimination and calibration curves both internally (training set) and externally (validation set). Discrimination between observed and predicted outcome was assessed using the concordance Index (C-index) [@bb0070]. A higher C-index indicates a better ability to separate patients with different survival outcomes. Comparison between the nomogram and the AJCC TNM staging system 7th edition was performed with the rcorrp.cens package in Hmisc in R and were evaluated by the C-index. The calibration curves were used to compare the predicted probability with the cohort observed in the study. All statistical analyses were conducted using SPSS software (SPSS Inc., Chicago, USA, version 23) and the R software version 3.13 (Institute for Statistics and Mathematics, Vienna, Austria; [www.r-project.org](http://www.r-project.org){#ir0005}). A *P*-value of \<0.05 was considered statistically significant.

Results {#s0040}
=======

Patient Characteristics {#s0045}
-----------------------

A total of 3142 eligible patients with PNETs diagnosed between 2004 and 2015 were included in the study. Of those, 1555 patients were in the training set and 1587 were in the validation set. In the whole study set, the median age was 60 years (11--94 years). Among the eligible patients, 1721(54.8) were male and 1421 (45.2) were female. The majority of patients in both sets were married (62.2%) and white (76.6%). The most common tumor site was the pancreatic tail (34.3%), followed by pancreatic head (30.6%) and other sites. As to tumor size, ≥ 4 cm (36.1%) was the most common, followed by 2--4 cm (33.1%) and \< 2 cm (29.3%). Well differentiation (53.7%) was most common tumor grade. In both sets, most patients received surgery, and had T1 stage (36.4%).

The median follow-up time was 20 months (range: 0--71 months) in both sets. By the end of follow up, 307 (19.7%) patients in the training set had died, including 268 (17.2%) who died from PNETs and 590 (2.5%) who died from other causes. The demographic features and clinicopathological characteristics are summarized in [Table 1](#t0005){ref-type="table"}.Table 1Patient Demographics and Pathological CharacteristicsTable 1VariablesAll Patients (n = 3142)Training Set (n = 1555)Validation Set (n = 1587)N (%)N (%)N (%)Sex Male1721(54.8)841 (54.1)880 (55.5) Female1421 (45.2)714 (45.9)707 (44.5)Age \< 3072 (2.3)32 (2.1)40 (2.5) 30--601553 (49.4)772 (49.6)781 (49.2) \> 601517 (48.3)751 (48.3)766 (48.3)Race White2406 (76.6)1204 (77.4)1202 (75.7) Black391 (12.4)186 (12.0)205 (12.9) Other\*345 (11.0)165 (10.6)180 (11.3)Marital status Married1953 (62.2)951 (61.2)1002 (63.1) Unmarried1032 (32.8)520 (33.4)512 (32.3) Unknown157 (5.0)84 (5.4)73 (4.6)Primary site Head960 (30.6)452 (29.1)508 (32.0) Body492 (15.7)243 (15.6)249 (15.7) Tail1077 (34.3)546 (35.1)531 (33.5) Other613 (19.5)314 (20.2)299 (18.8)Tumor Size (cm) \<2920 (29.3)451 (29.0)469 (29.6) 2--41039 (33.1)509 (32.7)530 (33.4) ≥41135 (36.1)576 (37.0)559 (35.2) Unknown48 (1.5)19 (1.2)29 (1.8)Functional status Functional191 (6.1)84 (5.4)107 (6.7) Nonfunctional2951 (93.9)1471 (94.6)1480 (93.3)AJCC TNM stage I1452 (46.2)717 (46.1)735 (46.3) II686 (21.8)340 (21.9)346 (21.8) III92 (2.9)45 (2.9)47 (3.0) IV912 (29.0)453 (29.1)459 (28.9)Grade I1687 (53.7)836 (53.8)851 (53.6) II458 (14.6)231 (14.9)227 (14.3) III160 (5.1)85 (5.5)75 (4.7) IV58 (1.8)32 (2.1)26 (1.6) Unknown779 (24.8)371 (23.9)408 (25.7)Surgery Performed2035 (64.8)1022 (65.7)1013 (63.8) None1107 (35.2)533 (34.3)574 (36.2)

Nomogram Construction {#s0050}
---------------------

Data on the patients\' sex, age, race, marital status, primary site, tumor size, functional status, TNM stage, tumor grade, and therapy were collected in the training set. In the univariate analysis, sex, age, marital status, primary site, tumor size, functional status, tumor grade, TNM stage, and therapy were significantly associated with OS, while race was not significantly related to OS (*P* \> .05) ([Table 2](#t0010){ref-type="table"}). After adjusting for other risk factors, the multivariate analysis showed that 7 variables were independent predictive factors, including age, sex, marital status, primary site, TNM stage, tumor grade, and therapy.Table 2Univariate and Multivariate Analyses of Overall Survival in the Training SetTable 2Univariate AnalysisMultivariate AnalysisVariable*P* ValueHR(95%CI)*P* ValueSex0.003 MaleReference Female0.762 (0.598--0.971)0.028Age\< 0.001 \<30Reference 30--601.347 (0.490--3.703)0.563 \>602.120 (0.774--5.809)0.044Race0.468 White Black OtherMarital status0.029 MarriedReference Unmarried1.425 (1.111--1.828)0.005 Unknown1.472 (0.928--2.334)0.100Primary site\< 0.001 HeadReference Body0.794 (0.550--1.147)0.219 Tail0.589 (0.439--0.790)\< 0.001 Other0.720 (0.530--0.978)0.035Tumor Size (cm)\< 0.001 \< 2Reference 2--41.166 (0.715--1.904)0.538 ≥ 41.065 (0.650--1.745)0.804 Unknown1.106 (0.499--2.450)0.804Functional status0.017 FunctionalReference Nonfunctional1.696 (0.895--3.213)0.105AJCC TNM stage\< 0.001 IReference II3.322 (1.972--5.596)\< 0.001 III4.941 (2.487--9.816)\< 0.001 IV6.999 (4.297--11.400)\< 0.001Grade\< 0.001 IReference II1.103 (0.708--1.718)0.664 III3.541 (2.360--5.313)\< 0.001 IV6.091 (3.631--10.218)\< 0.001 Unknown1.665 (1.190--2.330)0.003Surgery\< 0.001 PerformedReference None3.180 (2.284--4.429)\< 0.001

All the independent predictors in the whole study cohort were integrated into the nomogram. A nomogram for predicting 3- and 5-year OS was constructed based on the independent variables in the training set ([Figure 1](#f0005){ref-type="fig"}). This model revealed that TNM stage contributed most to prognosis, followed by the therapy, age, tumor site, marital status, tumor grade, and sex. By adding the scores of each selected variable, the likelihood of survival of the individual patient can be easily calculated.Figure 1Nomogram for predicting 3- and 5-year overall survival.Figure 1

Nomogram Validation {#s0055}
-------------------

Internal validation via the training set indicated that the C-index for the nomogram to predict OS were 0.840 (95% CI, 0.818--0.862), which was in excellent agreement with actual OS. External validation using the validation set, the C-index for the nomogram to predict OS was 0.808 (95% CI, 0.784--0.832). The internal and external calibration plots of OS nomogram revealed a good correlation between prediction by the nomogram and actual observation ([Figures 2](#f0010){ref-type="fig"} and [3](#f0015){ref-type="fig"}). In addition, we compared the discrimination of the nomogram with that of the AJCC TNM staging system 7th edition in the training set. The nomogram discrimination for OS prediction was superior to that of the TNM 7th edition stage systems (C-index = 0.840, 95% CI, 0.818--0.862 vs 0.777, 95% CI, 0.754--0.800, *P* \< .001). Moreover, the nomogram established in this study also displayed more powerful efficiency of discrimination for OS prediction in the validation set compared with the TNM staging (C-index = 0.808, 95% CI, 0.784--0.832 vs 0.784, 95% CI, 0.759--0.809, P \< .001).Figure 2Internal calibration plot. (A) 3-year and (B) 5-year overall survival nomogram calibration curves.Figure 2Figure 3External calibration plot. (A) 3-year and (B) 5-year overall survival nomogram calibration curves.Figure 3

Discussion {#s0060}
==========

The annual incidence of all PNETs is steadily on the rise [@bb0015]. What\'s more, PNETs are highly heterogeneous neoplasms presenting a spectrum of biologic behavior [@bb0075], [@bb0080]. It was imprecise to use traditional staging systems solely to evaluate prognosis. It was essential to establish an efficient prognostic system that could be used to estimate the prognosis for these patients. Thus, we sought to develop and validate a new prognostic nomogram for PNETs based on a large population from the SEER database. A total of 3142 patients with PNETs were analyzed. The nomogram showed good discrimination in both internal and external validation. Moreover, the calibration plots indicated that OS corresponded to actual outcome closely. Superior to the existing AJCC TNM staging system, the proposed nomogram was easily used clinical tools which would facilitate the popularization of patient counseling and personalized treatment.

In the present study, seven clinicopathological variables were proved to be independent prognostic factors, including age, sex, marital status, primary site, TNM stage, tumor grade, and therapy. Age was found to be an important prognostic variable on OS in several studies [@bb0085], [@bb0090], [@bb0095]. In the training set, the HR of OS increased with age, patients who were older than 60 years suffered worst survival than younger patients. This conclusion was consistent with a previous study [@bb0100]. Sex is an important variable related with different prognosis in malignancies [@bb0105], [@bb0110]. The present study showed male patients suffered a worse prognosis compared with female patients in PNETs. This result was similar with previous study [@bb0100]. Recent years, the impact of mental health on human body health is getting more and more attention [@bb0100], [@bb0115]. For example, the marital status significantly affected OS in our study. Married patients tend to obtain more social support and heart comfort, which may indicate a better prognosis.

Nomograms are an important component of modern medical decision-making [@bb0120]. The nomogram is a graphical presentation of a statistical prediction model that provides survival probability of a specific outcome [@bb0125], [@bb0130]. Thus, the parameters to consider should be easily available and measurable. Accumulating evidence has shown that the nomogram shows a better predictive ability than the classic AJCC TNM staging system in multiple malignancies, and thus they have been identified as an alternative or even a new standard [@bb0045], [@bb0135], [@bb0140]. Compared to the widely used TNM staging, our model is not only easy to use, but it also provides a quantitative prognosis for individual patients. In addition, nomograms are particularly suitable to help clinicians dealing with complex conditions where no firm clinical guidelines exist. Using of nomograms to predict patients\' survival is simple. For example, consider two hypothetical stage III PNETs patients: case A) a 65-year-old married man patient, with tumor location of pancreatic head, grade IV, and case B) a 55-year-old unmarried woman patient, with tumor location of pancreatic tail, grade III. After using our nomogram, the 5-year OS probabilities of patients in case A and B are 58% and 82%, respectively. In contrast, both patients would be considered to be stage III according to the traditional TNM staging system, which indicates identical outcomes.

Our study has several advantages. The clinicopathological information of PTENs patients that we collected from SEER database was rich and detailed, thus ensuring the establishment of accurate prognostic nomogram. Our nomogram displays better discrimination power in predicting OS compared with TNM 7th edition stage systems. The presentation and validity of the nomogram were also confirmed by calibration. Moreover, the present study utilized 7 easily accessible clinical variables that are widely available in clinical practice, which bring convenience for using of the nomograms.

This study has several limitations that should be noted. First, the nomogram was constructed using retrospective data from the SEER database and this may lead to the risk of potential selection bias. Second, some important clinicopathological parameters associated with prognosis, such as surgical margin status and vascular invasion, was unavailable in SEER dataset. That will be a major part in our future research. Third, although the 8th edition of the AJCC TNM staging system has been released recently, the TNM stage data of SEER database were not updated timely. Therefore, we felt sorry that we were unable to use the newest TNM staging system. Finally, as a user-friendly tool for doctors to make decisions, nomogram didn\'t include all prognostic factors and couldn\'t always provide precise prognosis in clinical practice.

In conclusion, for patients with PNETs, we established a nomogram to predict 3- and 5-year OS based on the large, population-based cohort for the first time. Our model showed a good performance in both training and validation sets, suggesting that it could be served as an effective tool for prognostic evaluation of patients with PNETs. However, further external validation is still needed.
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